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Summary. In this work we propose a scenario for the history of the recent star 
formation (during the last 20-30 Myr) in the nearest solar neighbourhood (~150 
pc), from the study of the spatial and kinematic properties of the members of the 
so-called young local associations, the Sco-Cen complex and the Local Bubble, the 
. most important structure observed in the local interstellar medium (ISM). 
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1 Introduction 



\Q \ During the last decade, several young stellar associations have been discov- 

ered within 100 pc of Earth (see [18] for a recent review) thanks to the cross- 
^ (— I correlation of the ROSAT and Hipparcos catalogues, combined with spec- 

Q H i troscopy observations. The stars belonging to these young local associations 

(herafter, YLA) have ages in the range from a few to several tens of Myr. 
5^ ■ The YLA not only offer insights into the star formation process in low- 

\ density environments, but also have shed light on the substellar astrophysics, 

C3 ■ since tens of brown dwarfs have been identified in these associations. Further- 

more, the study of the YLA can also yield important clues on the recent star 
formation in our vicinity and its consequences on the local ISM. 



2 The nearest solar neighbourhood 



2.1 The Local Bubble 



The local interstellar medium is dominated, in the first 100 pc, by the so- 
called Local Bubble (LB). It was discovered at the end of the 1960s as a soft 
X-ray diffuse background (SXRB). Rapidly, it was recognized the existence of 
an anticorrelation between the X-ray background and the observed HI column 
density. The displacement model (see [14]) for this structure assumes that the 
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HI irregular local cavity is filled by an X-ray-emitting plasma, with an emission 
temperature of ~ 10 6 K and a density of n e ~ 0.005 cm -3 . The contours of 
the LB were obtained in [11] from Nal absorption measurements towards a 
selected set of stellar targets with Hipparcos parallaxes. These observations 
allowed the authors to draw maps of the neutral gas distribution in the local 
ISM and, in particular, to trace the contours and extension of the LB with an 
estimated precision of w ±20 pc in most directions. 

Several models have been presented to explain the origin of the LB. In [4] 
five conceptions of the LB were reviewed. The maximum consensus is reach 
with a scenario where about 10-20 supernovae (SNe) formed the local cavity 
and, after that, 1 or 2 SNe reheated the LB a few Myr later, explaining the 
present temperature observed for the SXRB (see [3]). 

2.2 Young local associations 

A decade ago, the number of pre-main sequence stars identified near than 100 
pc from the Sun was very low. Nearly all the youngest stars (<30 Myr) stud- 
ied then were located further than 140 pc, in the molecular clouds of Taurus, 
Chamaeleon, Lupus, Scorpius-Centaurus and R CrA, all of them regions of 
recent star formation. The cross-correlation of Hipparcos and ROSAT cata- 
logues suddenly changed this view, since a few stars were identified as very 
young, but located closer than 100 pc, where there are not molecular clouds 
or star forming regions (SFR). Two scenarios were proposed to explain the 
existence of these young stars far away from SFR. In [15] it was defended 
that these stars were born in molecular clouds, but later they were ejected 
from them. On the other hand, in [5] it was proposed that these young stars 
were formed inside small molecular clouds (or cloudlets), which were lately 
dispersed in the ISM and then they are not detected at present. 

During the last decade these nearby, young stars far away from molecular 
clouds and SFR have been identified as members of young associations, each 
one of them formed by a few tens of members. We have done an intensive 
search in the literature, and compiled all the present available data for these 
young associations, which are summarized in Table 1. 

2.3 The Scorpius-Centaurus complex 

The Scorpius-Centaurus (Sco-Cen) complex dominates the 4th galactic quad- 
rant. It is a region of recent star formation and contains an important fraction 
of the most massive stars in the solar vicinity (see [17]). In the 1960s the com- 
plex was splitted into three components: Upper Scorpius (US), Upper Cen- 
taurus Lupus (UCL) and Lower Centaurus Crux (LCC). The most accepted 
ages for these three associations were derived in [9] from isochrones at the HR 
diagram: -5-6 Myr for US, -14-15 Myr for UCL and -11-12 Myr for LCC. In 
[2] it was suggested that this progression in age was the result of a sequence of 
different events of star formation which happened in the giant molecular cloud 
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which formed the region of Sco-Cen. These classical ages have been recently 
called in question from studies of the low mass component of the complex. 
The ages obtained from these studies are in the range of 8-10 Myr for US 
and 16-20 Myr for UCL and LCC (see [13]). The three associations show a 
strong velocity component in the direction away from the Sun (see Table 1), 
classically associated to the expansion motion of the Gould Belt (see e.g. [16]). 



Table 1. Mean spatial coordinates and heliocentric velocity components of the YLA 
and the Sco-Cen complex. N is the number of known members of each association. 
Units: r{ , C in pc; U, V, W in km s _1 ; Age in Myr (1: from [9] and 2: from [13]). 



Association 




V' 


c 


U 


V 


w 


Age 


N 


TW Hya 


-21(22) 


— 53(23) 


21( 7) 


-9.7(4.1) 


-17.1(3.1) 


-4.8(3.7) 


~8 


39 


Tuc-Hor / G AYA- 


-12(22) 


-24(h) 


-34 ( 8) 


-10.1(2.4) 


-20.7(2.3) 


— 2-5(3.8) 


20-30 


52 


(3 Pic-Cap 


-9(27) 


-5(14) 


-15(io) 


-10.8(3.4) 


-15.9(1.2, 


—9-8(2.5) 


~12 


33 


e Cha 


-47 { 8) 


—80(14) 


-25( 5 ) 


— 8-6(3.6) 


-18.6(0.8) 


-9.3(1.7) 


5-15 


16 


ij Cha 


-33( 2 ) 


-80 ( B) 


-34 ( 2 ) 


— 12.2(0.0) 


-18-1(0.9) 


-10.1(0.5) 


<10 


18 


HD 141569 


"77( 3) 


10( 8) 


64 ( 8) 


-5.4(i. 5) 


-15.6(2.6) 


-4.4(0.8) 


2-8 


5 


Ext. R CrA 


-97(44) 


-1( 4) 


-30(i6) 


—0.1(6.4) 


-14.8(i. 4 ) 


-10.1(3.3) 


10-15 


59 


AB Dor 


6(21) 


4 (17) 


-12(16) 


-7.4(3.2) 


-27.4(3.2, 


-12.9(6.4) 


75-150 


40 


US 


134 


-20 


52 


-6-7(5.9) 


-16.0(3.5) 


— 8.0(2.7) 


5-6 1 


120 
















8-10 2 




UCL 


119 


-67 


31 


— 6.8(4.6) 


-19.3(4.7) 


-5-7(2.5) 


14-15 1 


221 
















16-20 2 




LCC 


-62 


-100 


10 


—8-2(5.1) 


-18.6(7.3) 


-6.4(2.6) 


11-12 1 


180 



3 Kinematic evolution of the young stellar component 

In this section we present the results of our kinematic study of the YLA and 
the Sco-Cen complex. This study is based on the integration back in time of the 
orbits of these associations, allowing us to study their origin and their possible 
influence on the nearest ISM during the last million years. The integration of 
the equations of motion has been done using a realistic galactic potential 
which includes an axisymmetric component, the spiral arm perturbation and 
the central bar contribution (see [1] and [7]). 

3.1 Orbits back in time: the origin of the YLA 

Studying the orbits back in time for the YLA, we have found as the most 
gaudy trend a spatial concentration in the 1st galactic quadrant (see Fig. 1), 
in such a way that those stars belonging to the YLA were concentrated in a 
region of about 60 x 100 x 40 pc at their birth instant, whereas at present 
they are spread inside a region of 120 x 130 x 140 pc in size (except for AB 
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Dor, which is clearly older than the rest of YLA; see [7]). Therefore, we can 
affirm that a star formation process was triggered in this region of the 1st 
galactic quadrant, between 5 and 15 Myr ago, producing the YLA. What was 
the mechanism which triggered this star formation process? One possibility 
is the explosion of one or several close SNe, which should belong to the most 
important concentration of O and B stars in our vicinity: the Sco-Cen complex. 

It is then of great interest to determine the instant when the minimum 
distance between LCC (the closest Sco-Cen association to the YLA during 
the last few Myr) and the YLA occurred. For 3 YLA (77 Cha, e Cha and Ext. 
R CrA), minimum distances of ~16, 23 and 73 pc are obtained for t ~ — 9 
Myr. No clear minima in distance to LCC are found for the other YLA, but 
distances of only a few tens of pc are obtained. 

3.2 The YLA and the Local Bubble 

We have found that the trajectories back in time for the YLA have nearly 
crossed the center of the Local Bubble (LB) during the last ~5 Myr (see 
Fig. 4 in [11]). Studying the stellar content of the YLA (see [7] for details), 
we conclude that it is possible that one or a few of these associations have 
sheltered a SN in the recent past (the last 10 Myr). On the other hand, there 
is direct evidence for an explosion of a SN at a distance of ~30 pc from the 
Sun, ^5 Myr ago (see [10]). Taking into account the trajectories back in time 
of the Sco-Cen associations that we have computed, it is not probable that 
this SN could exploded in one of them, since not even LCC has approached as 
much to the solar neighbourhhod in the past. Then, several pieces of the same 
puzzle seem to support the existence of a SN explosion in the nearest solar 
neighbourhhod (^30 pc) ~5 Myr ago, from a parent star belonging to one of 
the YLA, probably Tuc-Hor/GAYA or Ext. R CrA. This close and recent SN 
would have been responsible for the reheating of the gas inside the LB needed 
to achieve the observed temperatures in the soft X-ray diffuse background at 
present. 

4 A scenario for the recent star formation in our vicinity 

To complete the scenario outlined in the previous section, we should study 
the origin of the Sco-Cen associations. Several scenarios have been proposed 
to explain the origin of this region (see [13]), but a careful analysis (see [7]) 
allows to conclude that the most promising is the impact with a spiral arm. 
This scenario is supported by several theoretical and observational facts (see 
[7] and [8]). Taking this as an hypothesis, the history of the star formation in 
the nearest solar neighbourhood during the last few tens of million years would 
have been written as follows. 30 Myr ago, the giant molecular cloud parent 
of Sco-Cen was placed in a position of the galactic plane with coordinates 
(X' , Y') ~ (—400, 1200) pc. The arriving of the potential minimum of the 
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Fig. 1. Orbits back in time on the galactic plane to t = —30 Myr for the YLA and 
the Sco-Cen associations, in the LSR reference frame (RF; top) and in the RF which 
is rotating at the same velocity of the spiral arms (bottom). £' and X' point to the 
galactic center, and 77 , Y' point to the direction of the galactic rotation. The thick- 
dashed line shows the position of the minimum of the spiral potential (adopted from 
[6]). In thin-dashed line, the position of the phase of the spiral structure ip — 10°. 

inner spiral arm triggered the star formation in the region, disturbing at the 
same time the cloud motion, which began to move with a velocity vector 
directed to the galactic antirotation and away from the galactic center (see 
Fig. 1; just the expected motion after an interaction with the spiral arm for a 
position outside the corrotation radius). The compression due to the spiral arm 
did not necessarily trigger the star formation in the whole cloud, but perhaps 
only in those regions with the largest densities. This would be favoured by 
the smaller relative velocity between the shock wave and the RSR (12-13 km 
s" 1 , see [7]). The regions where the star formation began must be those which 
generate UCL, LCC and, probably, the Tuc-Hor/GAYA association, which 
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were born nearly at the same time, about 16-20 Myr ago. The stellar winds of 
the first massive stars began to compress the gas of the neighbouring regions, 
maybe producing their fragmentation in small molecular clouds which moved 
away from the central region of the parent molecular cloud. 9 Myr ago, a SN in 
LCC could trigger the star formation in these small molecular clouds, giving 
birth the majority of the YLA, as we have seen in the previous section. The 
stellar winds of the just born stars rapidly expeled the remaining gas from 
these small clouds (the cloudlets proposed by [5]), completely erasing every 
trace of them and promoting that we do not observe gas in these regions at 
present time. Later, as it was proposed in [12], the shock front of a SN in 
UCL would have triggered the star formation in US about 6 Myr ago. Only 
1.5 Myr ago, the most massive star in US would have exploded as SN and its 
shock front would be reaching now the molecular cloud of p Oph, triggering 
there the beginning of the star formation process. This would complete our 
scenario for the recent star formation in the nearest solar neighbourhood. 
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